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Purpose of the i investigation

The State Highway Commission, of Kansas 
and the United States Geological Survey are 
cooperating in the compilation of a State 
wide inventory of engineering construction 
materials. In .the summer of 1948, the TJ. 8. 
Geological Survey sent a field party into 
Bills County, Sans., to investigate sources 
of such materials. This .report on Bills 
County is a part of the general inventory 
and a contrioution to the studies of the * 
mineral, resources of the Ml«sou]?i River 
Basin.!/ -.      .-.  - ,, ; '

foe primary objective of She investi 
gation WAS that.of accumulating all field and. 
laboratory data pertaining,to the geologic 
materials in Bills Oounfey vtelch could be ueed 
in the construction of dams, irrigation canals, 
highways, airports, or other engineering pro 
jects. Additional geologic data are included 
"in the present report only to the extent of 
providing information useful in the develop 
ment of the prospects reported or in the 
location of other touroes <of materials 

to fulfill engineering needs.

jontrol, 
 etc., 9.

See
d aee ef 

too. 191, 1*44.

Area oorejped by the Investigation

fills County £* $a th« thi»d tier of 
counties south of the Kensa*rlf»bras}ca border 
and in the fifth tier east of the Colorado 
border.' <3ee fig. 1.) Itg area Is about 
000 square miles, and it comprises 25 town- 
ships. the eounty is to&aa&ed by parallels 
38*3f* and 58*OS l north latitude and meridians 
98*58' and 99*38' west Wngitude. HIM 
County is, bordered on ^fee e*at by Russell 
(haoaty, on tfce weet by TIMI$O County, en the 
nortia by Rooles Qdpoaty, »M on the" south by 
Ruth Couaty . - . _ _ ;" f«:  

of the area - .  

,. Bills 0«unty is la the border r«fion of 
t]bie 9»eat tlalas^payiio^iNtpftic orovlnoe. 
Streams cutting he&d»ard from the Central 
Lowlands province to tfee east hare dis»«oted 
the border region to «ae of low to moderate 
reli ef « The s t^esjas occupy t teej-sided 
valley*, many of which are cut aore than 100 
feet below the gently Wriinded upland surface 
The ar«ae of gr«ateat relief in Bills County 
are along the Saline Rittr. in- the northern

westetna paa«t of the
Hill River in tb.t3 ' t

> ttfld »!<»« the 
thefti part of the'

3eaf«





Three permanent streams flow eastward 
across the county. The Saline River, which 
originates about 90 miles west of Bills 
County, enters at" ^&e northwestern corner of' 
the county and flows toward the east, its 
course almost parallel-ing the northern border 
of the county, .Big Creek, which rises about'. 
40 miles west of Sllis County, enters about 
midway between4 the north and sotath borders, 
and flows slightly south of east.across the 
county, and Joins, the Smoky Hill. River about 
6 miles farther east in Russell County. The 
Smoky Hill River originates la Colorado. It 
enters near the southern border of Ellis 
County and flows eastward in a course almost 
parallel to the southern border of the county.   
The larger tributaries t.o these three major 
streams enter the main streams nearly at 
right angles.

. Ellis County is served by one railway, 
the main line through Kansas of the Union 
Pacific Railroad. The principal cities, 
Hays (the county seat and .largest city). 
Bills, and Victoria, are located along this 
railroad.   *  *-. -

There is a well-developed system of 
highways and county roads. The.Federal high 
ways are of the blacktop type of construction* 
U. 3. 40, a major'east-west transcontinental ' 
route parallels the1 Union Pacific Railroad, 
andU. 3. 183, aa important north-south high 
way, extends through the center of the county. 
Host of the roads maintained by the county 
follow section lines. Many of them are 
metalled, and most of the others are maintained 
by grading. /

Investigation procedure

This report is based on field work of the 
reconnaissance type. The base maps (Highway 
Planning Maps, scale 1 inch equals 1 mile) , 
were provided by the State Highway Commission 
of Kansas. Drainage lines were added to the 
bfse map.fo* greater ground control In 
mapping; these were taken from aerial photo-* 
graphs (scale'1 inch equals' 1,000 feet) made 
available for that purpose by the county 
 office of the Soil Conservation Service, United 
States Department of Agriculture. The areal 
distribution of the stratigraphio units that 
cropv out in Bills County was then mapped 1& the 
field. The mapped stratigraphio. units are ., ' 
those recognized as of 194$ by the United.   i. 
States Geological Survey .snd the Kansas 
Geological Survey. Because the, prii " 
emphasis of the pMjeot 1» oa the 
materials ia the oo-uaty, t&» £tr«1 
units are accepted with little or, 
tlon. The solution. o,f geologic problems 
critically .related to the presentation o-f 
Information oa construction materials is 
considered to be of secondary importance for 
this report and is ignored insofar as it does 
aot affect the'validity of the laformatioa 
given.

Aa 'effort was made' to accumulate all 
existing data pertaining to construction ma 
terials in the county. These data, together 
with their sources, are incorporated ia this
report, "la addt^oa, tfe* S**3?ffjt 
collected 
materials' not" repc samples '"" '" "' ~*

Kansas
a simplified sieve

aiaeraloglc.al: analysis
coarse and fine fraction* made with *-
lar mi solo's cope. This
from other sourc«
Summary of materials

(Jeaeroae aaaistaace fcy te^e 
in the compilation of the areaji, 
ooastructioa-iaaterialiH4a%a -Is 
State Highway Ooasilss&m 
and Manhattan, Kaae., 3. E. Borner, chief 
geologist, R. D. .Piisney^. mat «r$stlf enginee 
and aaaoeiatea,; State, .i|i&^fd^Al,.|kypr«t -of- 
Kansas at Lawrence",* 3 .-^P^^KJb&im'V* 
director; the county engineer of jBti&p, J0a^ 
the residea't eaglneer WJ^ *fte~: St|»jt*'& i ""/, 
Reclamation-, U. $* '$»9«4fcM|a£ of 
at Hays , Kens . j and the ;Blitai OouiSty   ^4f ice 
of the Soil Oonserva^loa Jkrt%t«iJl ;tJf. " 8. 
Depia,rfsment of

CHARACTERISTICS OF ffflB

This part of the report discusses each 
local geologic formation or member* The di«- 
ou-sslons emphasize the areal distribution, the 
general characteristics, and the thickness, of 
each stratigrej?,hic unit*   '  '. :

A representative ae%«urejd section is -. . 
given for each formation o> meffltier, and ths 
construction materials in each unit are listed. 
The measured sections are not ae®4tf||irf%X; ' - 
intended to be complete %ui were «eI«Att^: : , 
show typical owtorops fiif fifte^'Taal.* fa! tfitf ̂  ' ' '

the efl"ec^y« d4ve|iO^meat of 
st ructl on aat*'ilial« contain *d in e»oh strati- 
graphic

The relation* .of 
to one another are 
Oeologie erOB* s*ctloa:-«:f tfee'' " '
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sources Indicated by Inclined symbols are not 
listed In table 1. The materials listed in 
the table are numbered within each classifica 
tion according to the following plane The 
numbering starts in the northeasternmost town 
ship and continues along the same tier to the 
western boundary of the county; the numbering "  
is continued in the next tier south starting 
again with the township in the easternmost 
range and proceeding to the western boundary ' 
of the county, and so .on. The construction 
materials sources within a township are 
numbered in. the same -sequence as are the 
sections*  

Dakota sandstone

Area! distribution* The Dakota sandstone, 
of Upper Cretaceous age (see fig. 3), is the 
oldest formation cropping out in Bills County 
and is therefore the lowest unit In the local 
stratigraphic column exposed at the surface* 
This formation crops out only in the south 
eastern corner of the eounty. {See pl> 1.) 
The Dakota sandstone is present at the base 
of the south bank of the Smoky Hill River in 
sees. 24, 25, 26, 34, and 35, T. 15 S., 
R. 16 W., and in a draw tributary to the 
Smoky Bill River in the SB^HWi sec. 34, T. 
15 3., R. 16 W. Well logs show that the 
Dakota sandstone is buried beneath younger 
formations in nearly all of the remainder of 
the county.

general description.  A small part of the 
Dakota sandstone probably was deposited in 
marine waters but most of the formation was 
laid down by streams. -Only the uppermost 
part of the Dakota sandstone crops out in 
Bills County. The formation la a massive, 
fine-grained quartz sandstone. -The color 
ranges from light gray through gray green. 
to dark brown. Weathered surfaces are 
generally coarsely pitted and the bedding 
occasionally is etched in relief. Carbonized 
fragment* of fossil plants and numerous con* 
cretions of limonite or pyrite occur in the ; 
sandstone*

Repre tative mea 
be Dako ta j

aured sections    Two__ _____sections of the Dakota aaadstone m»msu:ped in 
Bills County ape as follows} ' ; '.- 

(1) A out bank along the aoutfa. aide of 
the Smoky Hill River in the Sips* *«o. 54,.* 
T. 15 S*, R. 1$ W*, shows the following 
section of the formation exposed above the 
level of the river:

Qraneros shale.
Dakota sandstone} -. x

Sandstone, fine-grained, massive, 
dark brown............ *....«..

Sandstone, fine-grained, massive, 
gmy green.......*..««^. «***«»«

Sandstone, fine-grained, massive, 
dark brown*..»*«»»* ..««.......

Sands tone , f ine-gralttttd, - mas si ve, 
gray green* »..,< ***,* *»*«»». *«»«*,

covered. ':' .,>,,.->. .:. " ~ - i

Peet

3.0 

l.S

(S) A ledge of the Dakota sandstone that 
cross out In the -35^3SWt'se$,» M, T. 16 S., 
R. 16 W., .presents the following sections

Terrace deposits: 
Broslohal break. -" ^   " 
Dakota sandstone: * t 

Sandstone, massive, fine-grateed, 
light gray, weathers gray; 
weathered surface coarsely , 
pitted or with bedding e»teh1*d" ; .- 
in relief f scattered limoni^e *- \ - ";- 
stains and pyrfte conoretloa*., -9^:^ 

Base covered. . . -;«>"'- " t
Thickness. The aggregate thingness of . 

the two outcrops of the Dakota sandsitoae found i 
In Bills County is abeut, 00 .fe«t s^?t»j^iawi   i 
to represent the uppermost part of tae't^WMk*- * 
tlon only. -The basal ptgt.frf «ie format ion W 
does not erop out la tola eoua^«,-v^»s»f^f ;'= j 
reports that a well dpill»d in th* northftftflt 
corner of-Rush Cotmfeir «eaetrated !w5'"fe)«tfr 48fe, 
white sandstone thought to be the upper part 
of the Dakota sandstone*

Construction materials. The Dakota sand- 
stone is not used in Billa County as an 
engineering construction material. Although 
available only in limited quantities, rock 
from this formation might be quarried, crushed, 
and used as a road metal if laboratory teats 
show that the material is adequate fpr this, 
use. The formation is a source of water for 
both domestic and stock uses over maoh of thle. 
part of north-central Xansas, , .,., ,..,, J'

Areal distribution.^The araneroe s-hale.' 
of Upper cretaceous age, crops oi»t l»j^»;, 
southeast corner of the eouaty. <S*«:Jfift.7'.5, ' 
and pi. L) The format ion-is found at. or near 
the base of the Smoky Hill River terrace 
along both sides of £he valley in sees. -24 to 
39 inclusive, and sees. 54 and 35, T. 15 S. 
R. 16 w, '||^5jp3M»»a%itlapwiglKmfe,.i 
reaminder of tine county but ia oonc

.j^ffi^iglu'^fbe ^ 
was deposited under aarlne waters. The 
tlon is predominantly. a. very , thin beaded tt^y ,

- - ^';^t^mt^^^*.m»im^-iAt^ii^a^ ' ' '

"the saadstjoasit
rust-colored.
weathSr

shale in' Bills County.\ The forttttlon fwUtos,

 ̂ - - ,J v'^/S^*
i-.;,;>:"-.;--v-^^



Kroaional braak
,

Sfaftl%,,*ery thin bedded j 
wfk|a»s«f- gray.... *,. ....^, .».

Shale} .brown, weathex*; light 
* brotm? contains tmff sand-*

 tout 0oaorettoaa> , **««* ..»*.
Shale, very thin bedded; bl*ak,
,«K»wr« gray................
Shale, sandy j brown; foiws , .

3hale, vary t&$a b added; black, 
waathara blu«-gi*y) b&aal - 
5,0 £««$ contains oumerouff 
-crystals of . »ai«Q$»te ., ..,..,..

Sandatoaa, poorly MBsentedjr aw 
colored...,....,,.,...,.....,

Stale, 7«ry thin beddad; black, 
««atbaw blue-gray,,....,,.,,,

3b*lei black, weata^ra hluej 
interbed<l*d -, thin layera of 
brown sandstone. ..,.......,,.

/<Saad«ton«, aoffc; brown, 
weathers ruat-6olored

8*0

1*5 

1.6

o.e

7,0 

.1.0 

3.0

2.3 

.3

. _ 
Dakota

 " *&« aggragata ti^ote^ta of 
.%W Qraneroa shale In mil* Ocmnfcy Is as til- 
mated to b« about 35 feet. Bass J/ oit«s a 
aaaaurad aeotjtoa of tha fow»tion T|»ir4ag * 
total thleknaes of 32 feet.

Jfcaaaroa
aaale is aot ft soura* or const puotioa materials 
Infills Ctounty.-

diet tioa. -»
atoaa of f j^«r Opataoaou* aga- ia dlTtda4 Into 
( 1 ) tb* Lincoln limestone Bwmbep | the oldest 
and lowwit.^itfaf «t;«i*lffN^il« gtftip^, se* 
fig* S>, ;(S) %fc* Sit^Us^ iHfl* mawbe *f 
(3) the Jetaore akalk member, and (4) the 
ff elf er shale member (the youngast ) . Although 
tha "Fence. post* llaes tone bed at tfe« top of 
ths Pfeifer shala aaafear la tha aost laportant 

, engineering construction aaterlal In, the 
formation, the Ff elf er shale IB act separately 
distinguished on plate 1, the 3y«en^om 
limestone being Mapped as a single strati- 
graphic unife^ (JaRenil daaorlytiofta «a4 
reprea en tative measured sections will be given, 
however, for all Bej&*?s In the fora»tlon as 
aids to field recognition,

i- _ >* i    
The Qfreeohora lloeatone (see pi. 1) crops 

out nast e^tanaiveljr in Xllls County in , the 
a«ptana -te

some of t&* 
»ost Inpo 
wall of the 
area
River the

.
area is along the south 

of -Big vGpee*. la the dlride

County 'there is s.; a«2^-datcw|),;.|ir*a,,ia which 
tha 3reenhorn llmantoae lift, at or near the 
baie of the rail ey wall. Slaewhere in Sills 
Oounty , where not eroded away, :' this .f om»tion 
IB concealed beneath .younger format lens.

**' ***

(1) fha Lincoln llateutone 
hora IlUfeat&iia eoaaisti of a ^ 

chalky afeales interiiedded vdth thin __ 
bentonitic shales, ajad:fhaly sands toaea, 
hard, dense, crystalline lifflestones ar»"-' 
diagnostic for thia meaber. Crya tai 
stones are not so QQf.9pltte$r&$ In the, 
members of the Oreenhom limestone or, 
Cretaceous foraatlona that crop out t 
Oounty. The gray .to da^-gtay shalaa 
ustially irtry th|m^e4de% :-v,|feet:- |ttt, :' I.,, __,-,,    
"bentonites are orange -gray. The shale beda la 
the l«s»«r 

  mioaoaoma «

bjpaak
hinblack, paper-thin beds of shale with- some 

beda of chalky limestone. Tola sesflts of 
baatonita are interbedded with the shales 
bentonlte ranges front wbite to . orange-brown 
In color aad from 9>V foot. t|> fO»fr ;f<^%,t|i 
thickness. lear the base of the meaner there 
ia a bad of. fine^g rained > lime-oem«nted gray'

the Sartlaad shale B,ea£ber without an erosional 
break and 1» overlain similarly by the ; Pf elf er
 bale member. ' The Setnore ohalk-weaibar- con 
sists of altaraatiug M^tf lr*w» -eMPirtfe-; - :
 ilty oy olayay :|wti '9f^ilr 'Uwar-l)W*w : "*
alternating with, thin bedp of chalky ,gs*y
limes toa» , f&» Jfefllf, '
(InooeraBQs)
tha Jetmore. ehalk
la toa ufiap saffr* -."A fiatif
limestone at the top of the -miafcer for*t:.a
rounded hillside bench. This bedels loyally
termed , the "fb«U rock* because . of the large
coat eat,, of fossil sheila eflaoeagaaaa* -v

- (4) The Pfiefer shale ̂ meaber, the 
most aember of toa Qrae^orn llaestoae, 
oompo«ed of altematlag beds of shale sad 
limestone. The chalky shales are light, 
or buff.-- The .limestones are chalky and to ligit t  '-*- 
stones ooataia aaaarou* shell* of 
The limes tont beds f ia - the ;upper . 
m.eatoer are oonoratioaaryr. ,£!* * ., ., _ _.. 
limestone bed is accepted as the top of the 
member. The name.of the bed ladlcatsa Its 
widespread use throughout the area as a fanes- 
post material. The bed ayerages about 0*6 
foot in thioknesa ... Characteristically the 
is a persistent rusty-brown band ia the 
part_ of ta«,bfd^ : ;:,fli 
forms shoulders near the   tope ; of   the lew hills 

.la the southeastern part of the-

- . 1- ^ eprf s, eat atft yf ..

Measured sections ,of 
Qraenhorn lia»ston* folla*N 

*"-*,;  *-^^c'* J ' 
11) 'A 6ut--bfilM*?

Smoky Iill*f|f*irxii^l 
15 S., R. 13 VI. ahowa 
the Lincoln



.2

2.0

Peat
Terrace deposits: Sand and gravel.... 5.0 
Lincoln limestone member of 

Greenhorn limestone:
Shale, chalky, very tain

beddedj gray to black,
weathers light gray;
interbedded thin gray
chalks *nd thin 'orange-
gray bentonitic zones .......... 7.3

Shale, siltyv^gray, thia- t
bedded; orange -gray to
dark gray; interbedded
thin gray chalks ............... .2

Shale, chalky, very thin 
. bedded j, gray to dark gray;
Interbedded thin gray
chalks...... ................... 1.0

Shale, bentonitic; orange-
gray « .   .*.«..».......««*.*...

Shale, chalky, very thin
bedded; gray to dark gray;
interbedded tain gray chalks, 

Sandstone, shaly /calcareous;
gray. .......................... .1

Limestone, hard, crystalline;
gray, weathers buff or light
gray} thin -shale partings in
upper, part; numerous fragments
of peleoypod shells.... ........ 1.0

Shale, chalky, micaceous; gray}
limonite-stalned. ............

Limestone, dense, hard,
crystalline} gray, weathers
buff... ......................

Shale, chalky, micaceous? fray)
limonite-stained...., ........

Limestone, dense, hard.
crystalline, somewhat sandy;
thin streaks of Unionise...., 

Oraneros shale.

(2) A cut bank in the $*$%$ aec, 30. 
T. 153., R. 16W., show* the following section 
of the Hartland shale member exposed" above tt*t< 
lewl of the river t <^; '/ : > ._ --  , r- ""

''

Terrace depositS4 
Brosional break.
Hartland shale member of Oreenhorn 

limes tone j
Shale, paper-thin beds; black, 

weathers dark gray-} inter* 
bedded thin'llmy seams. .....

Bentoaite, shaly; orange- 
brown at top, basal 'part 
white .......................

Shale, chalky and somewhat - 
sllty,
light gity^iiM»B 

Shale, pap«r-*ain bedsrblaoae, 
weathen-i frray.j occasional - -   * 
Interbedded

E

2

15

l.l  

.5

lamina e «.* **«*'* **t* >t' <4 1 « *.« * .... 
Shale, sllty, compact, massive; 

gray................. .......'..,
Shale, paper-thtn bedsj black, 

weather* gray; occasional 
Interbedded caloa«ous

' lafflttaaej- thi»-'s earns of orange 
browft ;T&«at6nlte in lower part..

Limes toae, chalky > dense, bird; 
weathers light gray to

« ...*...
Shale, clay; bla«k 
gray; Inter 
of ckTOn 
shale ..«...* »,*--» . « »

.5

'-  
1.7

.2

*»><..<

Hartland shale member of Chreenl^rn 
limestone  Continued. *-'-^;

-Bentontte; white to owm^^- 
brown ....... .*.«... *.«*

Shale, " 
gray ....

Limes'tone, 
light

Shale, 
weathera
interbedded oaleareottS 
laminae; calcareous seams 
become thicker In -basal 3.0 
feet, more crystalline, and 
contaia numerous fragments 
of peleoypod sheila. ..,...»

Sandstone , f ine-gr*iaed| 
heavily
numerous partings of blaek 
paper ahale. ....'...«.. .4*** ;.****

.Shale, paper- thia beds? blaek, 
weathers dark gray? -oceasioaal 
Interbedded calcareous -"-'' 

  laminae .........................
Base not exposed. "

?oet

*« 14.7

1.0

...... 3^0
" - 37.4

(3) A roadside ditch in the SB-iSSi , 
sec. 21. T. 15 3., R. 16 W. show* the. follow- 
ing* section of the Jetmore chalk member:

Sanborn formation! 
Brosional break. 

* Jetmore chalk member of 
llmestonei

Llms stone, finely crystalline, 
dense, hard j gray, weafehers . 
buf f 4 llmonlte stains j :; 
Inoeeramas abundAnt ««»».*. .- « . « . . 

Shale, clay, t6in-fe»dde4| 
light brdm-fffAS, weatTa 
gray} '§Jm&Hitt thin zones of

Feet

©,8

tt| IF* »*¥>»*-*
, IfM^U.^-WWWOTi'd*

broite^gray, welt there -gr»j .*«.«*
Limestone, eaaStyy fin 

hard,
.-.,. . m ^a^..^,j«. *:-.-;' .   »  

fine-grained, 
thine



44} 3?b,* aost
tir*(r ehjaile mflmbar is an»t measured 

'!&-«* *oaa> out in the SBfc wo* 21, 
U 17 W.s

of

Pfeifer s&stlo member of 
ijpeoahora limestone; 

* * 24. "Fenoepost Hat*- . 
stone.* ohalky 
limestone,, light, 
tan, even-grained, 
including. asar the 
middle a rusty 
band abottt an inch 
wide and a little 
lower another 
rather Indiattnct 
band. .Contains a 
f sw well- ,. 
preserved fossils 

?oeramas '
fop.

...3ft. .  jIfe.- _  _

23. 

22.

21. 

SO.

19.
.18.

17. 

16. 

15.

shale member.......
Soft ohalky, shale, 

cream to flesh- 
colored..., ,..,,..»

Ohaiky limestone, 
somewhat con 
cretionary; 
weathers white; ; 
contains a few. . 
fossils. «*  ....  * **

Ohalky ahale like 
no.   83» *«.*«,:.«» » 

Concretionary ohalky 
limaatone,foaail- 
iferous; weathers 
wait*...,..,*......

Shale, like Ho. 83...
Chalky .limestone, 
with no fosails; 
weathers white..,.,

Ohalky shale, like 
Wo  23.*.*,,,,.,.,.

Ohalky limestone,   
like No. 18........

Shale, like So. 23, 
with a band of 
bsatonitic clay 
4 inches thick at 
its tosf Upper 
part of .elay band

11

1

10

1

11

4

13.

12.

11.

.Oonawtioaary fossil* 
iferous ohalky 
limestone..........

Ohalky shalaj 
weathers flakyj 
ligit fcanj in

, plaoes odatains a 
thin discontinuous 
bed of 'H«»s«A(ftt 
foasiliferous oon- '  
oretionary ohalky 
limestone..,.,...,,, 4

Waits ohalky limestone, 
fery f«w fossi! «».. ,

Shale, like So. 13, 
aoaewhat foaail- 
^.erous^in plaoea . 
haa two thin dis- 
Bontiiaaous beds of 
fosailiferous oon- 
oretionary chalky

**,» >».«^. 2

Pfeifer ahala 
est 
10.

9. 
8.

7. 
6,

5. 
4.

3. 
2.

1.

Ohalky llmastone; 
weathers >o>«sty . ,

' i53«*O VSJ £ s^HSEJUtfEj»'81>P^i &
bead near miSle; 
contains many 
fossils..............

Shale, like Ho*' 13...*.

few fossils*»........
Shale> lik* So»-. 13*....
Ooncrefcionary 0&alky

limestonej fossil-

2
10

.
2-

Oonoretionary 
liaestoae; fossils 
abundant*,.. .*....,..  .

SHale, Ilk* No. 13..,.. 1
Oocort-tionapy ehalky 

. lia*s*oaej fossils , - 
abundant.... »,....., ̂

Shale . -like So. 13. .. . . 3
.   -'  "; "  /' ;3i8 ,

okneaa . «-Tfae total thioknesa of toe 
CJreenhom llaaestone in Bllis County is abcte 
90 feet. The thioknaaa- of the individual 
members in the format ion , is as follows* , 
Lincoln limestone, aboxrt 20 feet; Btortland -  
shale, about 30 f set j Jetaore ohalk. about - 
20 f Mt; and Pf eif er ahale, about 3Q f «t . 
The thiekneeses appsar to be vathsr 
throughout tb* ceuaty. -;,

m«t*l.

shale

Oarlile sl»le, 
f>

ineludea three members. (1) m$ Pairport 
ohalky steal* member (oldest}, U) the Blu« 
1111 shale member, and (3) the Sodell sand- - 
3to7i« mamber (youngest), all of *Mea ortfp - 
out in Bllis Oounty%. laasau.ob as no oilc of = 
the members is *speo±ally significant aa a 
sourc* of engiaesring ooastjmotlori «*ttrials > 
they arc mapped tog»ther as a slngl* strati- 
gramhie unit, the  Qarlil* dual*. As aids to 
field faoognition, however,,general dasoripioi 
and repreaentativ* measured sections of *aoh 
member will be

The Cmrlile shale drops««ut extensively 
in Jllia County. (See pi. 1.) The principal 
area of outos»op is in tfee .aortheastera eoiMBiftr 
of the county, where it forma the valley walls 
of many atreama tributary- to the Saline River 
and underliss «»» divid* arsas as well, fmii 
outcrop area extends westward along the Salin* 
River to a point abou* 6 milss east of th* 
we a tern county 11 ae, 4 wwond largs araa of /  
outerop is in the Muth*r» part of the oounty 
along the Smoky Hill River i fas Swiae shale 
appears at th» surfaos »es»3»i :«ilss w«*t of 
Pfeifer, and its o 
toward the western 
the southwest oorner of ths 
ehale la the only Strati 
oat over 'a badla&A <a>*9a
Loss extensive outoro>« of-th* formatioa are 
present along^ a«ae of ba» «tr«a»s tributary 
Big Oreek. ' -^- t-'**$?   -: ' .,--,;- ^:^

of 5 or

las*. I. W., op. «U., p. 3t.



general description.--The Carllle shale 
was deposited in marine "waters. It la In con 
tact with underlying and overlying Cretaceous 
formations without intervening eroslonal 
breaks, and its several members .are in contact 
in a similar manner. Eroslonal'breaks Inter 
vene between the Carlile shale and the 
Tertiary and Quaternary formations that over- 
lie-it in some places*

(1) The Pairport. chalky shale member, 
the oldest and stratlgraphioally the lowest 
member of the Carlile shale, consists of clay 
shales with interbedded thin bentonitic zones. 
The shale is either thin bedded or somewhat 
blooky in.structure. Its unweathered eolor 
is gray, but upon weathering the color is 
altered to a characteristic orange-gray. This 
member of the Carlile shale crops out generally 
in the eastern part of the county and may be 
identified by its color as well as its. 
position immediately above the "Penoepost" 
limestone bed in the Pfeifer shale member of 
the Greenhorn limestone. The lower part of 
the Pairport chalky shale member contains a 
number of thin beds of fossillferoue chalky 
linestone interbedded with the-shale.

(2) The Blue Hill shale, the middle 
member of the Oarlile shale, crops out the 
most extensively of the three members. This 
member is a dark gray to black clay shale that 
weathers to a distinctive blue-gray. The 
shale is generally vary thin bedded. There 
are several zones of sepfcarian concretions in 
the member as well as zones in which selenite 
crystals are exceedingly abundant.

The Blue Bill shale member erodes to 
form a badland type of topography. Selenite 
crystals scattered over the surface of the 
badland Mils reflect sunlight in such a way 
as to give the.hills a sparkling appearance*

(3) The Godell sandstone member is the 
youngest member of the Oarlile shale and the 
thinnest. 3h tne northeastern part of the 
county it is « gray, f ine-graifted, .clea^ 
qaart* sandstone, but towwrfLtetea wesfe «aft ?*    
south it becomes aasa thinner end more sllty. 
There is a gradational coatsae* %» 
Oodell sandstone member «nd the 
Blue 2111 shale member.

Representative measured sect ions. The 
following measured sections indicate the 
characteristics typical of the several 
members of the Oarlile shalet

(1) This section of the Pairport chalky 
shale member is exposed In a road cut in the

sec. 3, f. 14 a., R. i? w.t

Sanborn formations - 
Srosional break. -.r-^ si-^-H 
Pairport ehalky soa3» aej^owpi v- 

Shale, clay, oonofcoldal or 
blooky structure* thick 
gray^band* alternating 
with this orange-brown 
bentonltlo zones..........

Shale, clay, thin bedded) 
orange-brown beatonltie 
zones -mottled wito dark 

  gray. .-***.*«*» ..«*«**    » . 
Shale, clay, somewhat 

blo cky j dark-eeay baaa* 
alterant lag _ ._,__..._ 
orange-brown btmtopoitto -   
bands  * *. * *«.« * * »v» -»,»'»'* *-«.**«**.* 

.Base covered. ii ?»S"- - ' -,i

5.5

£.5

8.0

\2) A road cut in the NBJfKBi sec. 3, 
T. 11 3., R. 17 W., exhibits the foll*sw|n$ 
section of the Blue Hill shale member and   
Codell sandstone member of the Garltle whale, 
sis well as the basal part of the Port Hays 
limestone member of She overlying Slobrara 
formatlorn -

Port Hays limestone
Kiobrara formatlolR| 4Ji ^ J

Shattered zone,................
Limestone, chalky, massive; 

light yellows-gray, 
weathers buff-gray...........

Limestone, chalky, masaivei 
light yellow-gray, 
weathers buff-grayj 
limonlte-stained; base 
irregular....................

Oodell sandstone member of 
Carlile shales

Sandstone, fine-grained, clean, 
predominantly quartz, com 
pact, hard} gray, weathers 
buff-grayj irregularly 
1imonite-stainedj grades 
into underlying Blue mil 
shale membe«%..*..*.«.».».... 

Blue Bill shale member of Oarlile 
shales

Silt stone, massivej gray,
weathers buff................

Shale, clay: mottled gray 
and rust-brown, weathers 
buff.........................

Shale, sllty, densevgray, 
weathers light gray..........

Shale, clay; mottled gray1' and 
rust-brown, weathers buff....

Shale, clay, thin-bedded; 
black, weathers dark grays 
Irregularly limonite-atainedj 
zones of large .sectarian con 
cretions ~-18 and 3S feet below 

.   top*<.* ***.   %..»«*«.«* »*  * 
Base covered*

2.2
' 
8.1

1,2 

3*1

^
61*0

Total Oarlile shale. ....

_____f:>-iifff*fatf thickness 'of 
Oarlile shale is thought to be about 504 

feet. The Pairport chalky shale member i* 
about 100 feet thick5 the Blu* Hill shale 
member is about 200 feet thlokj and the 
Oodell sandstone member ranges from nearly 
8 feet in the nortte<Mtstfi»n eorner of the 
county to about 1 foot in the southweatern 
comer, its average thickness being about 
4 ' "" "

. The Blue
al for road fill.shale

Because of its high qoatwit of Qlay, aowev«r, 
It probably It not ooapSefcely saiiafaotory 
for thii use in haaid reitioris unleaa the 
side slopes are gEadettfo a low angle. Field 
investigation failed tH>'find any; lieportant 
eag|n»erlng use of fene materials Inolxided is 
thli fornatWon* The Oodell sandstone meaner

said to yield water in doaestio and atook 
wells. '  

Port

ag9> 
fig. 5) Ittftsmtoh-as the f orater is acre



aa

. ...
* tt» two meabera 'are mapped 

unlfca and will t>^ deiertbsd ' '. 
y. *The Port Hays limestone member- '

ot mitft Oooaty. (jBtifpM*). It fonwi 
of ft* Saline ;Vs.ll*y and of jn«y of

ita tributirlea aad,vLnderll«s many divide 
ar**ft. This member crops out in «ijgj.l«? . ~ 
fashion in the w*»tepn half of the dig Oreek 
drainage bMla,, ,,£% fojsw ft conspicuous 
escarpment trending southwest across the county.

GktQjara^, ( d«»prlptlon.'~Th« Fort Haya 
liawstone member was deposi ted under marine 
waters and la In contact wit a the underlying 
Oodell sandstone m*aber of the Oftffiily shale 
and the overlying Smoky Hill chalk aanber of 
the Niobrara jformation without intervening 
eroilonal breaks . The Port Hays limestone is 
predominantly * buff-colored chalk, which 
weathers to a dirty tan- gray. The chalk beds 
are massive and quite soft , ?hin partings 
of chalky shale are inte*pe4ded with the lime 
stone. The shale partings range froa 0.1 to 
0.5 foot in thickness.

IB the rather dry climate of Bills County 
tli* Port Hays limestone forms ateep htll»tdeB 
despite its relative softness. The part of, 
the limestone iapediately below tke linad snr- 
f ao« sfeowa a tendency to shat t»y . cp«iklng 
Into irregular flat fragments 4 to 6 inches 
long and an inob or two thick, :

Possil shells of clams 
and oyateM (Oat3 are

riy abundant in tola

0Xtosj stratigraphic units fjjo^tiwfejpct.. 
sandstone up to the Smoky Hill chalk member 
of the Hlobrara formation, inclusive, dip at   
A low angle toward the north.. ffe9 general 
dip is interrupted locally by several broad

  flexures. Many small faults were observed la. 
the Port Hays limestone member and adjacent 
stratigraphic units but are nofcvmap$>ed because 
they are not important to a conBtructlon-  -   ---- a'uwrey, ^ .' "'" ' ' . .

of «, qaarry in the BMflTBt «eo. 15, T,. 13 3,, 
R. 20 W., shows tin following section of the 
Port Haya limestone membert

> .
liobrara foraatloat

»4»d. . -"'" 
Shattered  one.....

Port Uaestone- member of Niobra

white , . weathers gray; 
i|^0;Qteiirami^ . . », . ....**. . 

  Shale, caacareousi buff |
Inocerarojia *- 

Limestone, cha

mastone, chalky, dense, so 
white, weather* gray} lao-

 oft i

Shale, chalky; tin ]'weathers'' 
light gray; limonite stains. 

Liaestone, chalky. »oft| whJtte,

Shale, eaioartou
stains.^.....,,...^.^......,..*

Limestone, chalky, massive, soft; 
,,i*ilt»f weathers - gray*

n-bedded; gray,

Lime atone,. chalky, m&ssiif e, 
soft; cuff to 
gray; Inoojra.........

ceous, soft;Limestone,
BUff. ... ... ,. . W*»»«   . » . . .^. . *

Shale; gray. , . . .»,....... ....»..«
Limestone, chalky, ma*slve j .buf f 

to white, *wwttb«rs gray; - ;

.8

.1

3.5

.Si

4,0
Shale, ehalityf buff,

gray..........«..*.*...........
lilmeston*, ohaUty, ma»*lTe, soft j ,- 

white.to bufft Ii^jja^aiala...... ,
Limestone, cb*liy» saBSiveV ^

softj buff, -wiMiiheya brown..... 
Base covered.

' Thlokness.-~.gbe Pogt Says ll»eatpa» 
member is estim«fcad to fea,ye an
thickness of about 6O ^. ,,_ 
It has been completely eroded from th»> 
eastern third of tb*,. county aloag tb^e, 
drainage lines an4 .Meoncealed beneath 
younger formations ?0gallala and Sanborn) over 
much of the remainder -oyr t-Jwi county.

Const
cruoturft]. - s 

Oalc&ceoue binder. 
Road metal. 
Oewent.

oji*--Outcrops of . 
j» of the liobrara formn-Smoky

tion In Elli* Oounty are, limited in ar«al 
extent sdtid a.pe rjaa'ti^c^ttd' to the, por-fci&spBt.j 
of the oounfry.. '{§»«-tig. S«aja pi. 1*)^ P 
Smoky Hill chalk is exi«t««4 prlaicipally at 
the heads of some of the tributariM of tlie 
.Saline River and along aoan of th» *t 
tributary to Big Ore.ate .ta^--*b*^iiM.t»:«a! 
of the county. There are a f-ew wasj.1 
near the heads of the _ 
butaries of- the Smoky Hill Hi*** near the 
western boundary of the oou^fey.', ffiida mtmm 
presumably und*s*li»r maay of !&*  diTi<i»f In

where it is obeoured^y yi



It overlies the Port Hays limestone member of 
the Niobrara formation without an Intervening 
eroaional break, but a pronounced erosional 
break intervenes between it and the overlying 
younger formations. (See fig. 2.) The Smoky 
Hill chalk member consists of layers of 
.blocky or massive chalky shale, blue-gray in 
the lower part of the member but becoming 
orange-gray in the upper part, Thin layers of 
massive chalk are interbedded with the shale. 
Shells of the fossil clam Inoceramus 
[Haplosoapha) grand!a 'and the fossil oyster 

la congesta are numerous in some' zones in 
member.

The soft beds of chalky shale typically 
erode to form a badland type of topography.

Representative measured sect ion.-~JL cut 
bank In the REftSE* sec. 19, T. 11 S., R. 20 W., 
shows the following section of the Smoky Hill 
chalk member:

Feet 
Smoky Hill chalk member of Niobrara.    

formation: 
Top eroded.

Chalk; yellowish; limonite
concretions; Ostrea.
Inoceramua................... 2.0

Shale, chalky; yellow- 
gray; Ostrea. Inooeramirs..... ,1

Chalk; yellow-gray.............. .6
Shale, chalky; yellow-gray;

limonite concretions;
Oatrea. Ino6eramua\.......... .1.0

Chalk, shaly; yellow-gray...... 1.9 .
Shale, chalky; yellow-gray;

1imonite oono regions;
Ostrea. Inooeramua........... 3*0

Ohalk; white, weathers gray.... .8
Shale; buff, weathers brown;

limonite concretions......... .3
' Ohalk, platy; white, weathers

gray......................... 1.0
Shale, chalky; buff, weathers -*
gray; Ostrea. Inooeraaa**..... 3,6   

Chalk; white....*.i^.»»T,7."fc».* *5 - 
Shale, chalky; buff, weathers

gray; limonite concretions;
Ostrea. InocerajnujB........... -3*0

Chalk; white................... .3
Shale, chalky; buff, weathers

light gray; limonite
cretions; Qgtrea r - Inooe 

Shale, chalky; Ifc^ .
weathers blue-gray; llaoonite
stains and oono ret lo.»;
Ostrem. Inooerftmufw.....,... 

Base oovereo.

s» Only the basal part of the 
chalk member oocurs 'In Bills 

Bass 5/ reports that tfee aggregate"
member lii thitf county is about

Smoky
County. _ _
thickness of t' _.._...   .._.  .
100 fee~t. It h&a b*<m eroded completely from
much of the area*" -'  '  :«^ "

Construction mat<
Lcareous T 

Road metal.

  0<gBllala : formation

the higher divides. (See fig. 3 
The most extensive out crop are* 
that extends from the western bonier of the 
county almost to the «rt^ta^' comjit*' ItosKffc- 
distance of 3 to *i*; '4|SSw» seuth-<if ^.e't^ 
northern county line. 'A sosiiswtefct smaller -" 
crop area lies 2 to 5 miles south of Bills «aa 
extends east from the west«m border of Vt4^ =''' 
county for a distance of abwt;. & miles, fw®^ - 
small outcrops are mapped In the sonttewest ' 
corner of the county. At one tlae th» 
Ogallala formation uadoaartredly covered most 
of the county, but it has subsequently beea 
eroded completely *xoept- Aa the *rea» 24«t»d ,- 
above. '

The Ogallala formation is gen«rally con 
cealed beneath the Sanbprn formation. Oertaia 
zones in the Ogallala are very a"i«il«l* la 
physical character!*ties_to zones ia the - 
Sanborn, sad in some places only arbitrary 
lines of contact can be $r*wn between the two 
formations. Such differentiation is baaed 
upon the generally more silty character of the 
Sanborn and its more subdued topographic 
expression in contrast to the somewhat more 
sjandy character of the Ogallala, its bolder 
outcrop expression, and the presence of 
aortar«-bpd ledges.

ral
is iepara1 

erosional break

jriptioa;.< f&e Ogallala forma- 
older formations by am

uesoriptlpnt 
 atefl from ol 
afc.f It is 4

,
-in contact with the

underlying Smoky" Hill chalk member of the- 
Niobrara formation {see fig. 2) in most places 
in Bills County and locally with the Fort 
Bays limestone msttber, of tae SUM formation, v

The Ogallala formation consists of 
bedded lenses of sand, gravel, silt, and son* . 
of clay. The lenses, vary is thickness and ; , 
extent.- Most of the material wa* »t»s«a» 
deposited, but it is possible that «ome bed* 
were laid down on the floors of shallow lakes, 
The lower" sea* ^"ttos festeatlon 1« composed 
of soaiffwhat ootrnsr-- mineral and rook f rag- ' 
melft** i^Mt«$IK "t«* ~"<i89*x P*tt» %w*rtfc i» the - 
pr»do»in«EA iieastitraeftt-, with fragments of the 
feldspar Hinermls present in subordinate*  '.  
amount a » The gravel- and s»nd-aiste partiolea .

IB shape, «nd the : 
ftles lire subangalar --

are rounded to
silt- and clay-»tze 
to ' ' "

>n inolsides laa»e§ of 
sand and gravel,'^ -

Such lenses
range in
about 8 feet.
bold c^ateroj^p   __ _,_ T __.. _______ ,T
of the divides. The- t.*fi«,titu-nt rook and 
mineral fragments hay* be«a sore or l«as fli»- 
ly oem«nt»dl,ff depo«lt« ftf calcliaB carbonate 
istld -
Tlie b*da at-« Itgfetgrmjr lo color. in many 
places in Bllia County tbere ia a hai-4-, d* . 
nodular lime»%«*»-«t tfee top of this' foroatlon. 
It 1* th^flfet ;-.t._«¥ this litM-Stone might 
been dfl^slfcs4 *» *'-

Quartzlte ledge's such as. are found In -. 
the Ogallala formatlott 1^.Rooks, M««, and . 

Counties were .Jtet found in Bills County.

--..VT-sS
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XfMMMit<Ni« f very .hard, 
gray .

' and gravel, hard; gray.
Silt and fine sand, infcerbedded

oaloftreoua zones; gray-brown,
weathers gray................

Mortar bed, sand ,«nd, fine , 
 , ; gravaO., massive; light

gray* ..................... «?,.
Sand, fine, to fine gravel,
highly calcareous; dirty
gray..........................

Mortar bed, sand and fine
gravel, hard j, gray, weathers
dark, gray; cavernous
appearance.. .................

Silt, calcareous, coara* sand
scattered throughout) fleph-

Gpvered. . .«,,.... ... '« , . .*.... .«..-,
rfortar bed, fine5 grmjHiX *ad

sand, basal part passive ;
light gray. ....,*..»..,.,..... 

Silt, clayey, calcareous; light
gray-brown. ..................

~Cla.y, calcareous, hard; light
grey ........,..«...*... ......

Sand, fine, dense, calcareous j
light gray, weathers buff .... 

Sand, fine, somewhat silty, ? ,
caicareous ; light gray. ......

Base covered.
foroatlon »...*...

s.  flqie 'thiotoaes-s 'of the
in Sills Ooxmty ranges froa 

75 feet, as reported bya>-fea"
Bass^6/ . Th* average thickneea. 4« ^ 
to be about 40 feet. The formation Is thick 
est in the western part ̂  of the ooujity and 
along the axes of the principral divides.

2.6 

2.^ 

3.8

1.7

5.8

$.7 
8.0

S.O 

.8 

.4

.7 

2.1

Oaas rlali.. 

Fine aggregate 

Sanbora

distribufcion.  -The Sambora f p«p»- 
tlon, of Plelstootne and Reoent(t) age (see , 
fig* a) is subdivided into Headers by 7rye 
mil Pent ,2/ It was not feasible to attempt 
the mapping of these members* .as. to do so 
i«ould have required -a greatly extended field

< The Sonbonx f oiwa^ion o-vwlies- mil 
forna^lone with an irfcerveaing erosional     
brea* (see fig. 2), but the break between the 
Saaborrt and Ofallala.fonwtione; is. aot oom- 
apiouous because of. their s$«ilar lithologio ' '

dlatrlbuted «,tr«t£kraphlc unit 
la Sills Oounty. (See pi* 1.) 
blanket of variable thickness* _ 
the divide areas is the county. 
lafpPT. {less theja .3 feet- tMok) 
formation overlies a strat" 
is a potential, bourse -'*f o __,_^_ 
als, the underlying unit is mapped on ,^.^ 
The formation probibly once exteiaded over 
entire county, *ri& it l«^ ; :«Jdai»»!!| 
removed by erpaiOQ alor^ most of 
courses. T .

general des oration* "-The Sanborfe f or^a- 
tlon includes unoonsoiloated sedlaeats - 
deposited by wind, streams, sad slope wash 
and through the action of gravity, ffeie mpp«r 
part of the formation if predowinan*ly^ a gr«'y- 
brown or brown silt with particles of. s«ad 
and fine gravel scattered throughout, "there 
is a well-developed soil sqne, at the top of 
the formation, and Hibbard, Frye, and 
Leonard 8/ have reported one or more buried 
soil zones. She upper part of the formation 
contains conspicuous amounts   of ' oalaluav igf>*  < r 
boaate,' either in the forw of pipe iitee.-- .;- 
struetures or as concretionary masses^ 4. - '

- The basal part 6f the
generally is more coarse than the remainder 
and Includes local masses of interbe44ed sand 
and gravel . Sueh l«aw|i re.^f;gWEf «o ft»a and 
include gravel-size f raaattijtifcs of local line- 
stone, mortar bed, caloite, feldspar, quarts, 
and granite. The fine fraction is composed 
predominently of partiQles..of quas^c, feldspsj'., 
and calclte. Bedding is locally well- - 
developed in this : p*rt of tthe formation.

.
used as binder in the cons tru-ot ion of 
top blgh«*y* in the aj»a. The ash la. 'very \ 
fine-grained and almost entirely free of ex 
traneous materials. Undoubtedly other leases 
of Toloanio ash ooenir in the Smnbom f«r»afeion, 
presumably in ttoe basal part . _ . , *

, Si;t of ,.the Sanhoro 
scattered fossil s'nall» ' 
reported to oontsJLn fo,si

ooatala*

vertebrates.

It Is probable t 
was deposited during 
4fpft»it4^*l .o: "" ' 
tion .lying on 
bean deposited 
slope .ei 
by the sa 
resulted, 31% ,ejt 
of most of 'the 
the lower divides.

ttte Sanbora formation 
least-two -different

action of 
wind. Deposition

,T 
t and on

, Jj*'**-»' .jT^jfit/'sn-- =- -'*V-''Hlttoardt 0* 0*,»--fSfjfe» f. "3*» -s^td 
nee. of Wetstoieflt dsf»si^i''>fa 

Caasaef'*- l*ntii> flstla ^fcifley Soil* _p» 'IS^.lfft^ ~' '.'*" -" :V"f^-"^"i-^     -t-i-'i'l, 1̂*"  " 5^^J'?̂  TL?.
    .-sf,'.. <-, ;.;,: -.t, "i-r i*:! /' ;M. * i^i, i ;%isifei' ^'"'/ : --r -4^&-" 'V^^?-.-A-^v^^^r^T-'*';
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  Beareaentgfeive measured section- A road 
cut In th* NEtHWf sec. 3, JT.'14 3., R. 17 W., 
shows the following section of the Sanborn 
formation* *

Soil, sllty, dark gray-brown.......
Saiiborn formation:

Sand, coarser In baaal part, 
occasional particles of 
fine gravel;. brown..........

Silt, clayey; brown; nodules 
and stringers of secondary 
calcium carbonate scattered 
throughout upper part and 
calcium carbonate zone 
0.5 feet thick at top.......

Silt, clayey, abundant 
particles of fine gravel 
largely from local chalky 
limestone...................

Base covered.
Total Sanborn formation.......

  0.5

12.4 

8.5

is ;$
Thickness. The thickness of the Sanborn 

formation Is highly variable in Bills Ooftnty. 
The average Is estimated to be about 30 feet, 
and the maximum about 75 feet. The formation 
hats been completely eroded from the valleys . 
of many.of the streams in the county.

Construction materials.-  
Hlxed aggregat

Lais 
its.

Fine aggregate.
Road metal.
Volcanic ash.
Mineral filler,

Terrace deposits

Areal dist on. Terrace deposits
art conspicuous in the.valleys of the Salint 
Rivtr, Big Greek, and the Smoky Hill Rivtr. 
(Stt fig. 3 and pi. 1.) Fingerlikt extensions 
of the deposit* project into, the valltys of 
the larger tributaries to the major strtain, , 
The ttrraet deposits were laid down by tht|t 
same streams in earlier gradational gyoltf 
and appear to represent *t leatt two leytit 
of deposition. Because tht mattriftlf posfng-tht'two-ojf-'mO'rtr'"""*"" 
similar in oompositicm 
as a single stratlgraphio unit.

Stne;
overlie
erosional break. The upper part of tht ttrraet 
deposits it compostd predominantly of brown or 
gray-brown silt. Tht material gradss down- 
ward Into a fine sand and;, in; the basal part, 
to a medium gravtl and oo'fcstt sand, fat basal 
part usually is red .brown as the f«»ult of 
limonltt coatings pn tht co-iwtitmint particles. 
Tht coarse fraction Of the basal part of tat ' 
terrace depotits is composed predo»ina»fcly of 
fragments of granitt, quartz, and ftldsnar 
with a minor aaoistt of jslatts of local Uaia- 
stone as wuch-as 4 or-; 8 Racists loa* and u " ' "' 
partiolts of ohtrfc :4ij^/ ;«^I|,atttj> i TO!MSte*^^-v^ . 
fraction is compoatd prtdoffliaaiitly of-'.qttatti','' " 
grains with minor amount* of oalolt*, ftldtpar, 
granitt, and chert. Tablt 1 ,gl¥t;s tht com-

fonents of Doth tht fine and coarse fractions 
n terms of percentage.

;Tht basal sand and gravel phase of tht 
terraoe deposits crop* out .alosg the Salint 
River and the   Smoky Sill Si?«% tbt-, teyraots 
being well-defined toj?ographic fsmtur»» of

the vaxieys. The terraces of the vallty of 
Big Creek are equally well defined but art 
composed almost entirely -of silt. The finger*',, 
like extensions of the terrace deposits-into 
tributaries of the principal streams -at»t «s»-» 
posed of cparser materials of v*ry loeai 
origin and are poorly sorted. >.

Representative measured aoetioru-*-A 
typical section of a :t«rrace deposit IB ex 
posed in a cut bank along .the north side of 
the Smoky Hill Elver in the SB^SWj sec. SO, 
R. 15 S., R. 16 W.:

Soil, brown..... ........
Terrace deposit t

Silt, high olay "eonteatj   
weathers light brown. .....'..,

Volcanic ash intermixed with 
clayi green-gray, weathers 
light gray. ................

Silt and fine sand, somewhat 
clayey; tan-brown, weathers 
tan-gray. ....................

Sand, fine to coarse, and gravel, 
fine to medium with numerous 
large platy fragments of lime 
stone and chalk; brown.

Total, terrace deposit, 
Hart land shale member 
of Oreenhorn limestone.

1.5 

2.0

..   M ,, ... ^_- ttwpftot dtpositf  &r*l» 
vallty of Smoky filil >i£**r art tttiAftf to 
have a maxiajum thickness of about 100 feat}

66 feet] and those in tht valley 
about 45,feet. Tht dtpotits b'tou- 
toward tht eastern bordtr of Sllit 
fingerlikt dtposi ts in tributary - -; 
probably less than 88 feet thick.

Oonst

ts

Pint agfregftt,
Road aital. -' ::.- 
Mineral filler.

. :Mr

stratigraphio
deposits art consplouotft aiq^tg, - _...__. -r .. 
Saoky Hill rlvtrs. Tht Wtdta $t . tar fabbH** 
plains ranges from an tigth of a mile to 
almost & Mle. The p^i«nt floodplajn 0.f_Big

of BEllis Ootthtyt a low ba-rraot standing 
several ft>t above the floodplain was
wmp®& 
has bttn 
of many: *£

, miritQiK9Wl\^IUfrtf6ii-. , 
along tht aouthward parts 

trioutary ttrtarns. - , -  -.
 Tht alluvium of tht 

' 'V tt ftntuaili

probable tM't lenses of saiid and _ 
present in the alluvt««i at soae depta bt3 
tht surf act of tht floodplaln.

rtyrtstntativt station
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It is
in the valleys of Uae Saline 

Rivers have a iBSJtifflttar thickness
Th* aliu^iw» dttpewitea by 

Big Ctwek probably is lea*: thatt 05 or 3O feet 
toiok, v : * - ; i ' ' r

Oon»t jaateriala. 

aggre§ate 
Road metal. 
 Mineral filler.

OP HAfHlIAL3

general

' This partv of the report inventories the 
construction materiala in Billa Qouaty* Its 
objectives are to establish the ba»e« upon 
which the construction materials are classified 
and to discusa the varioue materials la their 
relation* to the stratigraphic units from 
which they may be obtained.

whenever available, laboratory test data 
have" been introduced into the report to aid 
the engineer in hie evaluation of th* material*. 
This information is tabulated in table 1, 
Summary'of materials teats. Data on samples 
collected by the Geological Survey field party 
from prospe-ots visited are feet tor precise aa 
the data-on grading and teat characteristics 
developed in a materials-teating laboratory. 
It is expected that the materials prospects 
li*ted In tMs report will %e proved W **b- 
W%ftealt fftug»ring, drilling, or t*»t ptlttng 
and that toe material* themselves will be 
subjected to laboratory testing prior to 
development.

Although raamerous prospect pit* and 
quarries were located in the field, no attempt 
wa* made to make an exhaustive surrey. The 
purpose* of this report ar* to Inventory the 
materials that occur in Bills Oounty'and to 
establish the geologic pattern required for 
the location and development o* th* materials 
at tho-s* places in the county wo«r* they may 
be needed. A certain stratigraphio unit 
may contain on* or aor? construction materials 
and if the geologic factors of that occurrence 
are established, the resultant geologic pattern 
will facilitate the discovery of additional 
sources., ' -

Aggregate for oonorete 

Engineering and geologic characteristics

Aggregate-for concrete is listed'-in table 
1 a*  fin*' aggregate or as mixed aggregate. 
The distinction IB based en the percentage of 
material-retained on-the no, 4 SOWMKI, those 
materials in whisfe fi percent or'SKir* «f-tU** 
sample was retained being classified as mixed. 
aggregat*. It will b* more conl'ent^nt, honwrer, 
to discuss these under the single heading, 
Aggregate for concrete, inasmuch aa fine 
aggregate may be "sweetened" to the gradinge 
required for mixed aggregate.

  AggSPfgftt* for concrete eons!at* of' 
particll* of hardi durable mineral* or rooks 
of-sand-or gfavel *ia*. The eonstitu*n,t 
partiBlea are free from adherent coatings that 
would-interfere with' the bonding of cement 
with the mat«rl*l. Th* opewttel or pi^speot . 
pita listed in table 1 or located on plate 1 
are those ; inwM*n the overburden in thin

-" "l^lpv -->£*«f

'

b«e

Stfratigraphio source* and perfo 
 '   characteristics " ---

The following stratigraptilo unit* . , 
actual or pototi tiSl eouroes of aggregate rf<a» 
concrete In Bills

(2J formation. Two samples of
aggregate materials 6oTTeoted from the 
Ogallala formation are clteaeifled sa fine 
aggregate and are listed in table 1 (fa 4 and 
5) and-mapped on plate 1* The material is oom- 
posed predominantly of sand-aize particles-of 
quarts and, siabordinately, feldepar. The 
graval content of th* Ogallala formation in ' 
Bill* County apparently 1* so limited that 
this material cannot be used as a mixed 
aggregate unl**f it is sweetened to the 
desired grading. Additional pits may be 
opened in the Ogallala in Bill* Oounty in 
mtfat place* where th* ba*e of the foraation ,* 
crop* oiat*   " '

(2) Btoborn foams|tlon. The Saa^o^ft^ ' 
formation la an impbrtaiit votirc* o? ftlflppa^ftt* 
for concret* IB nils County. Six **|Bpl«a *" 
from tli* Sanborn classified a* mixed aggregate* 
(ma 1. 2, 5, 7, 8, and 10 »nd five samples - 
ol&asifUd a* fine aggregate (fa 1; 2, «, 7, 
and IS) are listed in table 1 and mapped on 
plate 1. The coarse fraction:.of the iJlaasd 
aggregate samples analysed ia composed pre 
dominantly of fragment* of local challcy li«e- :
* ton* with minor quantities of , chert, granil^ 
and quartz particle* and silt and clay nodal**. 
Th* fine fraction'Of both mixed and fin* 
aggregates la composed principally of quart* 
particles and, to a leaaer extent, of frag 
ment a of feldspar, local limestone, and oalolt*> 
Some of the «amplea contain adnor amouttt* of 
chert. The high  percentag% of fragment* of
 oft local limeatone, particles of soale^ and 
silt and olay balls might prove diaadvantageoua 
for the uae of this material ae aggregate for 
oonor**fc*. . . ' : ", ''/,,"','' T,1.

Laboratory teat data Indicate that th* 
average weight of the aggregate material fttrn 
the Sanborn formation is about lid ponaaa* p*r 
cubic foot, th* average *p*cifio gravity i* 
about 2.6, the peroentag* of loss*in tit* £o* 
Angel** abrasion teat is about 41« mad tfe* 
loa* ratio average* about 0.9 after 2$ freee*- 
and-thaw cycle*.

The basal part of the Sanborn fcassation 
could be prospected for additional aggregate. 
The sand and gravel occur a* len*** of local 
extent only, and ar* r**triot*d to the b*»al 
part of the formation. The moat likely pit 
site* in the SanboTtt formation would b* in . 
places where atr-eam* have cut well down Into 
the formation, thu*. *aEpo»in« th*u oo*.r»*r :b«*ml

 The terraseV
deposits cons
concrete aggr*»t* fa
samples claaaifled as
4, 6, 9-13, and 15-19} are
and mapped on plat* 1.
aggregate from thi* *trati(
fa 3 anfi flil.tiU*'" ''fa*** Q 
oontftini^ffftil ^
aent*5- «f t;f«f|=j ^ttya^;
not b* deletes 
aa they are 1*

K   ji _-:&'in



by.screening. In some plaoea the terrace 
deposits appear to be relatively free from 
limestone fragmentc. Chert ic present but in 
percentages small enough (table 1) so that it 
is> not considered a deleterious constituent of 
the material. The fine fraction of both 
mixed and fine aggregate in the terrace 
deposits-is composed predominantly of quartz, 
with some feldspar and calcite, and minor 
amounts of chert, hornblende, and magnetite^

The test characteristics of the terrace- 
deposit materials sampled are as follows: 
weight, 110 pounds per cubic foot; specific 
gravity, about 2.6; loss in the Los Angeles 
abrasion test, about 40 percent; and loss 
ratio after 25 freeze-and-thaw cycles, about 
0.9.

Additional aggregate prospects could be 
located most easily at or near the contact of 
the terrace deposits and the alluvium in the 
valley of the Smoky Hill River. The amount 
of aggregate material contained in the 
terrace deposits of the Smoky Sill Valley Is 
almost unlimited; pits could be opened at 
almost any convenient site within the area 
of its outcrop. In the Saline River Valley 
the terrace deposits are generally sllty, 
and only locally in the basal part of the 
formation is the material coarse enough to 
be classified as an aggregate.

W Al. 
for eitl

luviUBu   Ho prospect or operated
pits for either mixed or fine aggregate were 
found in the alluvial deposits of present-day 
Bills County streams, it is probable, however, 
that material in these classifications can be 
found locally la the floodplalns of both the 
Saline and Smoky Hill Rivers.

Road metal 

Bigineering and geologic characteristics

As defined in this report, road metal 
is any material that may be applied to roads 
as a surfacing agent. The materials are 
widely diverse in their engineering and 
geologic characteristics| some are quartz 
sand with a varying content of gravel, others 
are crushed rocks of various composition. The 
engineering requirement is that the mat.erlal 
added to the. road improve the performance 
characteristics of the road. Hany geologic 
materials fulfill this requirement.

Strattgraphic sources and performance 
characteristics

1) Aggrega for oo
als discussed previously as aggregate for 
concrete have been u*eS as road metal on 
secondary roads in Bills County, especially 
in the southern part. Field observation 
Indicates that, generally, they are adequate 
for this purpose and that the road petal taken 
from the terrace deposits of the Snaky Bill 
Valley glvee excellent strviee. : Jssj,,'-

(2) Oreenhorn 1'imest____   In other 
central Emsma counties, auoh as Hltehell and 
Republic, the. upper part of the Greenhorn 
limestone has been, used successfully as road 
metal, The this chalky limestone and fcae 
interbe4dedi,8tti,3.e **e - - - - 
thoroughly mixed, and 
The material, under 
to. form a macadam* The 
upper part of the Ore«nb^osii.'5Eip«M|*<5»e- ip

southeastern part of Ellls County might;fc« 
used similarly, field observation iadlt^ifce* 
that material from the .Qreenhorn .limejsfeo^.^.*/-.- 
performs somewhat* mor« - s*ti*fAatfcisiiy' *»-'is---^ 
traffic-bound mac*d«& t&an ni«t«rlal fwaa the 
Nlobrara formation Wfcauee the former is' less   
subject to dry-weath^-*da*tiB^»"

(g) Siobrara |ferm§f|^»~~fh;g two meabars 
of the Niobrara formatloii, the Port a!kys liaai- 
stone and the Smoky Hill chalk, have been used 
on secondary roads in Bills County. The Port 
Hays limestone is used more extensively as. 
road metal, however, &nd> apparently Is some 
what better for this use than the Smoky Hill 
chalk. The material as crushed and applied 
to the road ranges in size from fragments 
several inches long t© bio-oka £ or 6 inches 
on a side/. -The crushed rock is wetted down 
and further crushed under a roller. Traffic 
over the road then binds the material to ft ... 
denae, fairly hard macadam which is readily - . 
maintained, by road patrol.

Roads metaled in-this way appear to stand 
up well in all types of weather. The one 
important disadvantage inherent in this type 
of construction is that, in dry weather, 
traffic causes clouds of fine, white dust to 
be blown free from the road surface. The 
dusting characteristic might be controlled 
by a seal coat. It is thought, however, that 
a bituminous mat would not prove satisfactory 
as a wearing course because of the tendency /. 

.of moisture to accumulate beneath the 
impervious mat. Hoisjbur* so accumulated in;V 
the Niobrara base course would cause the li«t- 
stone to become soft, with consequent failuM 
of the roftd*

- l. -
Additional quarries, as needed, could be 

opened in thin formation throughout aost of 
the area of its outcrop, ,(8«» pi. 1.)

(4) Qftmllfta. |o 
(gailaia rormatio

rmation, : to, -
the Ogailaia formation might fe» us*d a*, metal 
on secondary roads. This use has been -,, ' . 
observed in other counties in north-central 
Kansas-. Mortar-bed ledges are fairly 
distributed 'Ov«i? tfMrHPt^ovop *! »*- 9 
Qg*ll*.l* forniktiott. fl» xiook can b, 
in a portable Jcitj- crvfesiiej1 and the crushed   
material applied tovt*» roads. Th» saad and 
gravel particles in th* mortar be4S'would be 
bound by the calcium carbonate cement,to 
a traffic-bound macadam,

classified b , the Stats

consists of ,
limestone
fourths of an incfe lonf
L law tone gravel la «xt

.
y Oomi*slch of 

* Thij material ' 
J?f soffe, Iwal, -- 

ion) about- :-thr**- ,.,. 
'timl9*4 silt., 

v«ly ,aa»d fchrough-

roada .

* Sfjwii ts Of - liaeatoae gravel ars local la
e^sttt<*^'tfe«'; pate rijsi'. Of ours 1 only as lenses 
In the baaal part of tlw «*nborn fosmation, ^ 
The greatest concentration of this aateri&l in 
the Sianborn formation is in thos* ar. 
which the formation ov«rll as the Oar ' -'^ *"-'   Tr" '-"' -   



*£* tn table 1 .and a»tpped on plate

-; %.,;- ' Mineral filler

ffiagin*e«4ng and geologic characteristics

material known as mineral filler is 
composed of mineral fragments of silt size. 

- A-foall percentage of fine sand and a sub 
ordinate percentage of clay may b* present, 
to be accepted ia this, category th* material 
must not contain more than a t*ao*> of sticks 
or other-organic debris. The State Highway 
q.omaiaslok of Kansas recomaends 07 that silt 
fi?om the Sanbora b* uaed as minwrai filler 
otuy if .."bests indicate * low coefficient of 
cementation. , ,. ,

St»e;tig»«pMc sources and performance 
characteristics

Sources of mineral filler qrop out ex 
tensively in Bills County*. The atratigraphic 
units that provide this material are as 
followst

 Th* upper silty 
ton is the mostpart of the Sanbora format 

widespread source of mineral filler in Sllis 
County. Th* material is so widely distributed 
that it' was thought unnecessary to map pros-* 
peotlve pit sites,' Th* upp*r pat* of the 
formation Is composed predominantly of silt- 
sis* particles with minor aaounts.of particles 
of sand or gravel size intermixed with th* 
silt. Typically there is a w*ll-d*v*16ped 
soil 'z6n« at the top of th* Sanborn, ,and there 
may b* on* or more buried soils at various 
distances below the top of the formation. The 
*BP zone, of the soil profile may contain 
deleterious amounts of calcium carbonate dis 
seminated throughout th* aone or in the form 
of nodules or pipes.

1
part of the terrace deposits is a source *f 
mineral filler, particularly in th* valley of 
Big Greek, prospect or operated pits la this 
material are not mapped because of the wide 
spread availability 0j? the material. Material 
from til* upper part of the formation might also 
b* used satisfactorily as binder material or 
in th* puddl* cor* of an earthen darn*

(5) Alluyiyua.  * «*- larae proportion of th* 
alluvial mat*rial d*po«it*5 by streams in 
their pr*s*nt cycles of erosion probably would 
prove satisfactory as mineral filler. With 
ampl* supplies available from th* Sanborn 
formation and the t*rrao* deposits, however, 
it would not seem expedient to exploit the 
alluvium for this purpose;

ash

Sxgineering and geologie characteristics

Toloanio ash consists predominantly of 
the fine,, g^ass-like shards ejected during 
th* explosiv* phaa* of a voleanio adaption. 
It may include silt-siz* particles of other

/ Horosr, a.  .. dhief fsele^ist* State 
OfflooiasioB of fattsaa« l«bt«r dated Jan.

-v^^^'^-s
.T ^~i?-""^£-"!^'--!?i^<2l^

orltos1 .- Oet»*|«s«l thin s««as 4 of 
sand are* inter bedded with the

Sti-fttlgraphic sources aad

Lens«» of volcanic aah occu 
County in the following

  -One pi t in the 
{***&* 1, *fc 1}volcanic a*& ol

has b**a opwa$*d.by, the State
Commission of Kansas* Th* »Bh »ppe«ra to b*
of- high quality and Is,entirely satisfactory
for use as ainorftl filler In o»rtaiti
of road construction, Int©a»iv*
of the basal part of this formfttion
17 would result in ,tha louatlag of
lenses of ash.

deposits
volcanic 'ash were found la , th* tsrrac*; deposit » 
of Ell is County, Tfca occurrence of «ai 
terial in the same formation in nearby 
counties, svtoh aa frego Goxtnty, 
it might also be present is Eliia Oouu*y.. 
The lease* of ash 'occur in a zone 
above the basal, aaad and gravel poa»» of th* 
formation. In two local! ti* a alc-na the $»&fcy 
Hill River (3B|SWi seo. 31, T. 15 S. r R. 16 W., 
and JtisiBB* see. 34, T. 16 S., R. 16 W.) the** 
are l«a»e« of olay that 4o»faia higla ' 
agea of int»raiix*d :Toloattio aah. -

Saginearing and ««ologlo oharaoteriitioi

Riprap is any material suitable for pro 
tecting earthan filia from eroaioni fo b't 
acceptable for thi» u»^ the atone arctat b* .4 . 
relatively sound and free^ f rom or*clca, aaai f s 
other struetur«l dafeota.oa? from ij^a.rltle»#; 
that would oauae it to disintegrate. "Rte 
atone ahould b* in blooka haviag appro3ti«ataly 
reotangalar -faoep ? inobef or awrt In width* 
The specif io grarity-cf the rook: a»tea?iai ... - 
should.be 8,0 or higher t ,    - ,,  -, --,

Stratigrapolo  onreat and 
charaoteriatios

In the oo«tati»» adjacent to 111 if Oouo%y 
tha 0«allajLa fojpaation inoludas lasaaaa of 
quart site, Field obtarvationa indioata 
the quert^ite !  highly -dflalrabl* M 
material. .la S^lii Count y t bow«Ttr..no 
quart si t e ,l»n»a« w»re found in tha 
Blooka of limea tone quarried from .
Hays llmeatone meabar have been uaed as rip-- 
rap in several north-central E&nsas count i»a. 
Examination of the dam faoe» riprapped «dth 
the Pbrt Hays limeatone indicates quit* oon*- 
olusivaly that thie material ia unsatiafactory 
for such uoe, as th« »of t ohallcy liswfttona, 
when saturated yd. th water, di si ntegrete*-- rapid 
ly, either through, alaking, or fr»» 
Ho local materials were found th*.l 
ecswiid«rtd adequate tv* uaa a«' "'

Engineering and geologic charaoteri«t»fc'" '

Qtruofeural
report, is any hard, unif'orm-te^turfld 
ii«it«d*l th«t vs«m>#-^«»iK!'i»d and 
desired *i«« ^«ad'' f-on»» ^ ftte aoure** of 
aaterial in mila County a»« «oai»tib«t 
in one re«p«ct or another, a»

" - " "



descriptions that follow.

Stratlgraphio sources and performance 
characteristics

(1) gpeejahorn limestone. The "Fenoepost* 
limestone feea lit the T;- op or the Pfeifer shale 
member 1» used extensively as structural stone 
throughout th« area of its outcrop. Many 
barns, houses,, stores," and other business 
buildings Tiave-beea eoastructed of this rock. 
Use of the *Feneepost* limestone as structural 
stone JLn the construction of small bridges 
was observed in the southeastern part of'Bills 
County. Field 'Observation indicates that this 
material is satisfactory for the uses listed 
above. The stone apparently has relatively 
high bearing strength and 1 s not adversely 
affected by weathering. The rook-is easily 
quarried and casehardens after exposure to 
air. The chalky character of the limestone, 
however, indicates that it would not be 
advisable to use the stone in places where it 
would come in long-continued contact with 
water. It is probable that in such situations 
the material would deteriorate through slaking 
or by freeze-and-thaw.

The "shell rock* limestone bed at the top 
of the 'Jetmore chalk member has served as a 
structural stone In the construction of some 
buildings in northern Kansas. Although the 
rook appears to stand up as well aa the 
"Penoepost* limestone it Is not used so ex 
tensively, as it does not have the pleasing 
appearance of the "Pencepost."

(2) Fort Hays limestone member of 
Hi obi-are, formation. The Port Hays limestone 
member has been used In the northern part of 
the county aa a structural stone for dwellings 
and farm buildings. The stone hardens after 
being out, and structures built of it stand up 
well in the relatively dry climate of western 
Kansas. Field observations iadi'^ate that the 
Fort Bays limestone should not be used in -a 
place where it- is subject, to water saturation, 'i 
auch as in the foundations of gildings. In 
such places the stone deteriorates ftlrly 
rapidly by freeae-and-thaw or slaking or 
through both processes.

Calcareous binder 

JSngineering and geologic characteristics

<Jaloareous binder includes a variety of
geologic materials. Tho»e materials'a*e com 
posed essentially of oeloii3» carbonate, are 
soft, and

Stratlgraphlc sources and perfonaan.c« 
  characteristics ., :: ' ?; -\

' (j.) -.~v - 
Hays limestone 
of the Nlobrara f onaation 
by t he - State' Highway, CoanaiBalon of Kansas ft* 
calcareous binder. The fihaltelft*** of both ' 
materials permits easy, puiv«i't*irfei<m.- -fli»' 
material is avalleble -fchyoaghdftt th* B»««*d 
area of ita outcrop* ,|**^fl»'3.».^

(2) Ofta 
>s in t'he

:ailala f<
lenses in the Ogaliaia formation rta*! 
sources of calcareous b irider iilaterial. 
lenses probably contain too much Intel 
sand and gravel for such use, and ot'her 
have hardened so much that pulverifcatlos" - ' 
probably wouM be difficult. In view of the . 
widespread avaliAbiUty«f t3a* Slobrapa forma 
tion it is thought -th4^ «ortar-bed lenses in 
the Ogaliaia formation can be disregarded a s 
sources of calcareous «iader in Bills Oounty. - :

Limestone for Portland cement 

Bnglneering and g eologic characteristics

Many limestone* are satisfactory fo|> use 
in Portland cement. To be acceptable for this 
use the limestone should be relatively con 
stant in its composition, should be composed 
predominantly of calcium carbonate, and should 
be essentially free from such deleterious 
materials as flint nodules. The limestone bed 
should be stiffleitntly thick *ttd tfe# 0***- 
burden thin enough »o- tfeat it can be quarried 
economically* "

Stratigraphle sources and ptrformlme«: ^ -^ 
characteristles v>!'"«

Landea lg/ yegort* that -fche Fort 8fcyi^f- : : 
limestone. meSI!«r was onoe quarried near --' . 
Yocewento, wher* a eeaent plant was 'is opera*-   

The inatailation has long b*«a abandoned.
,
Kansas (north-central J 
Hays li***tons member is 
stone to be used in the 
cement. .

ff^rt 
or lia*-
or pert land
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"o

Classification the materia

a>
o o>
0)
L..
CJ> 
CJ> 

<

a>
c
u:

Mixed Aggregate

Limestone Gravel

§8

Limestone

£

Number on pla

fa 1

fa 2

fa 3

fa 4

fa 5

fa 6

fo 7

fa 8

fa 9

fa 10

foil

fa 12

ma 1

ma 2

ma 3

ma 4

ma 5

mo 6

ma 7

ma 8

mo 9

ma 10

mall

malZ

ma 13

mol4

ma!5

mo 16

ma!7

mal8

ma 19

igi

igz

Ig3

Ig4

va 1

Isl

Is 2

is 3

Js4

Location

.8 
S

M-

§

NW

NE

SE

NW

NW

NW
'SW

NW

SW

NW

NE

SE

SE

NE

SW

NW

NW

NE

SE

NW

NE

NE

NW

NE

SW

SE

SE

NE

|
o
a> 
in

Z

NW

NE

SE

NW

SW

NW

SE

NW

NW

SW

SE

NW

SE

NW

NW

NW

NE

SW

SE

NW

NW

SE

SW

SW

SE

NW

NW

NW

SW

NE

NE
*

SW

SE

SW

NE

SE

SE

NE

El/2

SE

Section

13

15

7

19

31

33

9

27

31

27

28

4

16

17

18

15

14

10

10

3

34

26

31

32

29

31

17

22

24

36

5

36

27

1

35

17

3

28

21

10

Township (S)

1 1

II

II

11

II

1 1

14

15

15

15

15

15

1 1

1 1

1 1

II

II

13

13

14

15

15

15

15

15

15

15

15

15

15

15

12

13

13

14

14

1 1

12

13

13

i
a>
? o 
a:

17

17

20

20

20

20

16

16

16

18

18

19

16

16

17

18

19

17

20

17

16

17

17

17

18

18

19

19

19

19

20

19

19

20

20

19

18

16

19

20

"tn

 o"S P 
a>   o
S.^.g =-
6 ^ 2-5 
f, § a = 
u a- E-H

liOOO

2,000

3,000

3,000

2,000

2,000

1,000

5,000

2,000

30,000

1 5,000

2,000

5,000

500

10,000

4,000

1,000

2,000

6,000

1,000

40,000

1,000

1,000

2,000

8,000

35,000

15,000

5,000

2,000

3,000

8,000

12,000

22.00O

30,000

150,000

150,000

150,000

150,000

Average 
thickness

"5

1*
O OJ

6

6

4

6

6

4

2

5

8

5

5

6

6

3

8

9

6

8

5

3

12

6

5

6+

7

7

7

7

8

8

4

4

7

5

4

5

Overburden 

(feet)

4

1-5

1-5

2-8

6

1-5

2

2

2

2

3

2

2

2

4

2

1

4-5

1

2-4

4

1-3

3

2

3

4

3

1

3

4

2

2

1

4

Accessibility

Good

Good

Good

Good

Good

Good

Good

Good

Good

Good

Good

Good

Good

Good

Good

Fair

Good

Good

Fair

Good

Good

Good

Good

Good

Good

Good

Fair

Good

Good

Good

Good

Good

Good

Good

Good

Good

Good

Geologic formation 
or member

Sanborn

Sonborn

Terrace deposit

Ogallala

Ogallalo

Sanborn

Sanborn

Terrace deposit

Terrace deposit

Terrace deposit

Terrace deposit

Sanborn

Sonborn

Sonborn

Terrace deposit

Terrace deposit

Sonborn

Terrace deposit

Sanborn

Sonborn

Terrace deposit

Terrace deposit

Terrace deposit

Terrace deposit

Terrace deposit

Sanborn

Terrace deposit

Terrace deposit

Terrace deposit

Terrace deposit

Terrace deposit

Sonborn

Sanborn

Sanborni

Sanborn

Sanborn

Ft. Hoys

Ft. Hoys

Ft. Hoys

Ft. Hoys

fc
O£-0

11
t: </> 
<£

SHCK 
USGS
SHCK 
USGS
SHCK 
U^GS
SHCK 
USGS
SHCK 
USGS
SHCK 
USGS
SHCK 
USGS

SHCK

SHCK 
USGS

SHCK

SHCK

SHCK 
USGS

SHCK

SHCK 
USGS

SHCK

SHCK

SHCK 
USGS

SHCK

SHCK

SHCK 
USGS

SHCK

SHCK 
USGS
SHCK 
USGS
SHCK 
USGS

SHCK

SHCK

SHCK

SHCK 
USGS
SHCK 
USGS
SHCK 
USGS

SHCK

SHCK

SHCK

SHCK

SHCK

SHCK

SHCK

SHCK

SHCK

SHCK

Table 1. Summary of material tests
(Blank spaces indicate data not available)

t/>
03

»*  
O
0)

a 
o

2-47

2-47

2-47

2-47

2-47

2-47

2-47

1-46

2-47

1-46

2-47

2-47

1-46

2-47

1-46

1-46

2-47

1-46

1-46

2-47

1-46

2-47

2-47

2-47

1-46

2-46

1-46

2-47

2-47

2-47

2-46

1-46

1-46

2-46

1-46

1-42

1-46

1-46

* i 

i

Sieve analysis

o

= ta> .£

h

12

12

° x:
-_ 0
£ c

§ 00 
Q> 1
O. ro

1

1

1

4

4

7

5

10

2

6

6

15

4

6

10

c o
'c
0) rt-te*
a. Z

2

2

3

4

1

3

12

12

9

8

7

10

17

13

12

20

10

21

16

6

12

10

9

14

14

26

21

16

26

§

!«>o   
w o

CL Z

6

II

3

22

8

17

10

20

17

26

50

28

33

35

28

30

45

30

45

34

50

57

56

43

50

42

61

43

65

40

58

34

g

18
<5 6 
a. z

99

98

95

88

95

97

94

94

98

90

80

98

97

98

96

92

98

99

96

98

97

98

99

98

97

98

98

99

99

98

96

82

77

84

85

Percent passed No. 200 (wash)

3

9

15

3

3

5

3

2

1

1

1

3

15

23

16

10

'

Description of material

c 
o
0

£
C
F
C
F
C
F
C
F
C
F
C
F
C
F
C
F
C
F

C
F
C
F
C
F

C
F
C
F

C
F
C
F
C
F
C
F
C
F
C
F

C
F
C
F
C
F

Limestone

bU
10
2b

90
IS

35

i!b

85
20

30

60
5

70
10
2O

35
5

15

Ib

20

 o
V
a
^ 
o ^ i_ o 
5

5

10

N

L. 

O

O

b
50
15
60

50

75

85

60

60
30
60
Ib
60

65
Ib
60

50

55
20
55

50
45
60
15
55
20
65
15
60
30
60

30
65
30
70
15
6O

1 
o

10
5

10

10
5
5
5

5

5

5
5
5
5

5
5

10
5
10
5
IO

10
5
5
5

10

IO
5
5
5

Feldspar

b
15
IO
20

15

20

15

25

15
20
20
Ib
15

20
10
20

15

20
10
2O

20
20
20
5

20
10
15
b

20
5

15

2O
20
20
15
15
20

| Granite

IU

25

b

." .

65

2O

5

20

5

30

25

50

40
5

3b
5

40
5

40
5

Quartzite
a>

E 
<r>

40
10

>» 
o
0 g
a 

55

2b
5

b

3O
IO

Sandstone
Calcite

20
15
Ib
10
b

10

5

80
5

IO

5
b
10
10
10

5
10
5

10

10
10
5
IO
5

10
5

10
5

10
5
10

5
5

5
10

Hornblende

5

5

5

1. SHCK, State Highway Commission of Kansas. SHCK and USGS, sieve analysis and 
laboratory tests by State Highway Commission of Kansas, sample collection and 
description of material by US. Geological Survey. 

2. C, coarse fraction, retained on No. 4 sieve; F, fine fraction, passed through No. 4. 
sieve-, Tr, trace. 

3. Loss ratio.
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Soundness 3 (25 cycles)
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i Remarks

I

High percentage of soft limestone fragments.

IO percent chert in coarse fraction.

High percentages of soft limestone fragments and silt.

10 percent chert in coarse fraction.

Cementation: 31; high percentage of clay.

Cementation: 18; high percentage of clay,

High percentage of soft limestone fragments.

High percentage of soft limestone fragments.

High percentage of soft limestone fragments.

Lime-coated and limonite stained-, 10 percent chert in coarse fraction.

10 percent chert in coarse fraction.

10 percent chert in coarse fraction.

Overlain by 2 feet of volcanic ash and fine sand.

 

10 percent chert in coarse fraction.

Limonite stained-, 10 percent chert in coarse fraction.

Slaking: 16.

Slaking: 30t
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